Aims Inheritance is recognised to have a part in the aetiology of strabismus but previous studies have not adequately distinguished between different types of strabismus leading to wide variations in reported findings. The aim of this study was to investigate the importance of heredity in different types of strabismus. Methods The parents of children attending for treatment of strabismus over a one-month period were interviewed to identify relatives with a history of strabismus. A complete three-generation pedigree was established for 96 index cases who were classified into four groups: infantile esotropia (26 cases), accommodative esotropia (49 cases), anisometropic esotropia (15 cases), and exotropia (six cases). Results Forty-three of a total of 165 (26.1%) first degree relatives of patients with hypermetropic accommodative esotropia were affected. In contrast, 15 of a total of 101 (14.9%) first degree relatives of patients with infantile esotropia, eight of a total of 66 (12.1%) first degree relatives of patients with anisometropic esotropia, and one of a total of 25 (4%) first degree relatives of patients with exotropia were affected. Analysing the data using logistic regression with a random term for family showed a significantly higher proportion of affected first degree relatives in the accommodative group than in any of the other three diagnostic groups. Conclusion A history of strabismus appears to be more common in hypermetropic accommodative esotropia than in infantile esotropia, anisometropic esotropia or exotropia. More detailed investigation of the role of heredity in the aetiology of accommodative esotropia is needed.
Introduction
Since Hippocrates 1 first observed that strabismus could be transmitted from parent to child, ophthalmologists have been intrigued by evidence that some forms of strabismus seem to have a genetic basis. Several population studies have shown a higher prevalence of strabismus among families of an affected individual than among the general population. However, considerable differences have been encountered in these studies. Sclossmann and Priestley 2 found that 47.5% of their patients with strabismus, 48.9% with esotropia and 36.8% with exotropia, belonged to families with two or more affected members. Aurell 3 found that 17.6% of babies born into families with a first degree relative affected by convergent strabismus developed constant or intermittent esotropia by age of 6 years. Other studies 4, 5 have reported the familial incidence of strabismus to be as high as 65%.
Such wide variations in reported findings are attributable to several factors. A major problem is the heterogeneity of the populations studied. Strabismus is frequently dealt with as a single phenotype failing to distinguish specific subtypes of strabismus that may have entirely different aetiology. This study was undertaken to assess heredity as a risk factor in different types of strabismus.
Materials and methods
Two research clerks were trained by a genetics nurse to administer a questionnaire about family history. The parents of children under 12 years old attending the children's eye clinic for treatment of strabismus over a one-month period were approached in the clinic waiting room, and consent for participation in the study obtained. A three-generation pedigree was constructed including the child's grandparents, parents, uncles and aunts, siblings and first cousins. Relatives were classified as being affected if they were reported by the informant to have a definite misalignment of the eyes or to have had squint surgery in the past. The parents were invited to check information on the pedigree and they were contacted again to ensure accuracy of the information recorded. Data of one hundred index cases with a complete family pedigree were collected. Four cases were excluded from analysis because of absence of strabismus/pseudostrabismus (1), microtropia (1), and strabismus associated with other pathology, PHPV (1) and Coats' disease (1) .
A total of 96 pedigrees were analysed. Using the orthoptic and medical records, the index cases were classified into four groups: Infantile Esotropia, Accommodative Esotropia, Anisometropic Esotropia, and Exotropia. Patients were classified as infantile esotropia if the esodeviation had arisen in the first 6 months of life and there was less than three dioptres of refractive error in both eyes. Accommodative esotropia was defined either on the basis of a hypermetropic refractive error of greater than ϩ3.0 dioptres of sphere (DS) in both eyes with partial or complete elimination of the deviation with spectacle correction, or on the basis of a high accommodative convergence/accommodation (AC/A) ratio. Anisometropic esotropia was defined as esotropia associated with a difference in refractive error between the two eyes of greater than, or equal to, 1.5 DS or 1.5 dioptres of cylinder (DC), but less than or equal to ϩ2.50 DS in the more emmetropic eye. Patients with any manifest exodeviation at near or distance were categorised into the exotropia group.
The proportions of affected relatives in the four diagnostic categories were compared using logistic regression with the addition of a random term representing the extended families. The method, devised by Breslow and Clayton, 6 is implemented in the GLMM procedure of Genstat. 7 This random term allows for the possibility that people from the same extended family may have correlated responses caused by factors such as shared genes, shared environmental exposures or differences in reporting.
Results
The distribution of the 96 index cases into the four groups was 26 cases of infantile esotropia, 49 cases of accommodative esotropia, 15 cases of anisometropic esotropia, and six cases of exotropia. All 49 cases of accommodative esotropia were of refractive aetiology and none was due to high AC/A ratio. No patients in this series had non-accommodative, non-infantile, nonanisometropoic strabismus.
Thirty-three of the 49 cases (67.3%) with accommodative esotropia had at least one affected first degree relative, while 11 of the 26 cases (42.3%) with infantile esotropia, five of the 15 cases (33.3%) with anisometropic esotropia, and one of the six cases (16.6%) with exotropia had an affected first degree relative.
The total numbers of affected first, second and third degree relatives for each category of index case are given in Table 1 . Forty-three of a total of 165 first degree relatives (26.1%) of patients with accommodative esotropia were affected, in contrast with 15 of a total of 101 first degree relatives (14.9%) of patients with infantile esotropia, eight of a total of 66 first degree relatives (12.1%) of patients with anisometropic esotropia, and one of a total of 25 first degree relatives (4%) of patients with exotropia. Logistic regression gave the estimated odds ratio shown in Table 2 . The proportion of affected first degree relatives was significantly higher in the accommodative group than in any of the other three diagnostic groups. There were no significant differences between the other three categories. Similar analyses for second and third degree relatives showed no significant differences and much smaller odds ratios ranging from 0.4 to 1.5. On average, 18.8% of first degree relatives of the index cases were affected, while the corresponding figures for second and third degree relatives was 9% and 5.6% respectively.
Discussion
The incidence of strabismus within the general population is considered to be 2.5-4%. [8] [9] [10] Several studies have shown a much higher prevalence [2] [3] [4] [5] of strabismus in families with strabismic members, suggesting a genetic component. Subsequently, various modes of inheritance have been proposed that fit some, but not all, familial distributions. 2, 11, 12 Most recently, a multifactorial model of transmission 13, 14 has been advocated as the more likely form of inheritance for primary concomitant strabismus. Identification of risk factors within the multifactorial model of inheritance requires separate classification of different types of strabismus in which genetic factors may play different parts. While a slightly greater familial association for esotropia as compared to exotropia has been previously suggested, 2 there is very little in the literature to support this, and the contribution of different types of esotropia to this observation has not been investigated.
We found a statistically significant risk for strabismus in first degree relatives of patients with hypermetropic accommodative esotropia that was not present for second or third degree relatives, or for any other strabismic group in our series. Because our index cases were drawn from patients with strabismus attending a children's eye clinic, the proportion of each type of strabismus in the 96 cases will differ from that found in the general population. While treatment and referral patterns will have affected the proportion of the different types of strabismus amongst our index cases, there is no reason to think that these factors would explain why the parents of children with accommodative squint were more often able to identify a first degree relative with squint than the parents of children with other kinds of strabismus.
We interviewed the parents of 96 index cases and identified 2074 relatives in whom we sought a family history. However we did not have enough patients with non accommodative, non anisometropic, non infantile esotropia, or high accommodative convergence to accommodation (AC/A) ratio esotropia to be able to offer any comparison between these types of squint and those found in our patients. Nevertheless, our findings do show that there is a stronger genetic element in hypermetropic accommodative esotropia than in anisometropic esotropia, infantile esotropia, or exotropia in childhood, and that the role of heredity in the etiology of accommodative esotropia deserves further investigation.
